Introduction {#sec1-1}
============

Idiopathic spinal cord herniation (ISCH) is a rare condition, originally described in 1974 by Wortzman *et al*.\[[@ref1]\] It is characterized by ventral displacement of the spinal cord through a dural defect, resulting in neurological impairment secondary to adhesion and vascular compromise.\[[@ref2]\] The pathogenesis of the dural defect in the anterior surface of the dural sac is unknown.\[[@ref3]\] The condition primarily affects the thoracic spinal cord, and is more common in middle-aged patients, predominantly females.\[[@ref4]\] In this study, we report three cases of ISCH in the thoracic spine. We present a retrospective single-center experience, and review the literature in regards to the management of this rare condition.

Methods {#sec1-2}
=======

A PubMed, MEDLINE, EMBASE, and ISIS Web of Science literature search was conducted using the terms "spinal cord herniation," "idiopathic spinal cord herniation," "anterior spinal cord herniation," and "spontaneous spinal cord herniation." Relevant literature was also found by checking the reference lists of the selected articles. Articles with insufficient documentation, duplicate publications, pediatric patients, spinal disorders, acute traumatic spinal cord herniation cases, and papers in languages other than English were excluded from the study. A total of 78 relevant publications on ISCH were reviewed, and data collected from the case reports in the papers. A total of 171 patients from the literature were included in this study, supplemented with 3 patients treated at our institution. The data for the 174 cases are listed in Tables [1](#T1){ref-type="table"} to [6](#T6){ref-type="table"}. The data analyzed included the symptom interval (duration of symptoms prior to diagnosis), diagnostic imaging, misdiagnosis, management (conservative or operative), operative interval (time to surgery after diagnosis), the follow-up period, and neurological outcome, which was recorded as "improved" (I), "unchanged" (U), or "worse" (W). The terminology used to describe spinal cord herniation includes idiopathic, spontaneous, and anterior thoracic spinal cord herniation. We chose to use the term idiopathic spinal cord herniation (ISCH).
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Demographic data of the three ISCH patients of the present study
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Imaging results of all series
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Misdiagnosis in all series
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Surgical management
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###### 

Surgical management and misdiagnosis
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###### 

Conservative management
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This study reports the cases of three patients with ISCH treated at our institution between 2008 and 2012. The relevant data were obtained by retrospective review of the medical records and radiographic imaging. All patients had documented detailed neurological examinations by a consultant neurosurgeon. Gadolinium-enhanced magnetic resonance imaging (MRI) of the thoracic spine was obtained in all patients initially and at follow-up. All three patients were treated with conservative management, consisting of outpatient clinical and radiological follow-up.

Case Reports {#sec2-1}
------------

### Case 1 {#sec3-1}

A 66-year-old previously well man presented with an 18-year history of upper thoracic spine pain. The pain was initially intermittent and mild, but in the 14 months prior to presentation, it had gradually increased in severity and persistence. The pain radiated to the left side of the neck, and when severe, spread around both sides of the chest. The patient reported two episodes of left arm weakness lasting a few hours with spontaneous resolution, but denied paresthesia, sensory loss, or sphincter disturbance. There was no history of spinal surgery, trauma, or spinal disorders. Clinical examination demonstrated an upper thoracic spine gentle kyphosis. There were no abnormal findings on neurological motor, sensory, and reflex examination. A suboptimal quality MRI of the thoracic spine performed at a different institution was interpreted as an intradural mid-thoracic lesion, with a described intradural extramedullary mass indenting the dorsal aspect of the spinal cord. These findings were initially thought to be a dorsal arachnoid cyst. Repeat MRI at our institution demonstrated findings consistent with the characteristic features of ISCH. T2-weighted images showed anterior kinking and mild flattening of the spinal cord at T5, with widening of the subarachnoid space posterior to the cord and pulsation artifact within the CSF space \[[Figure 1](#F1){ref-type="fig"}\]. The patient was treated with conservative management, with clinical and radiological surveillance. The patient remained neurologically stable at 4 months after presentation.

![MRI T2-weighted sagittal and axial images. Anterior kinking and flattening of the spinal cord at T5, widening of the subarachnoid space posterior to the cord](AJNS-8-97-g007){#F1}

### Case 2 {#sec3-2}

A 51-year-old female presented with a 3-year history of thoracic back pain. Her medical history included diabetes, rheumatoid arthritis, and Sjögren\'s syndrome. The pain, when severe, was associated with nausea and vomiting. The patient reported longstanding reduced sensation bilaterally, in the L5 and S1 distribution, secondary to chronic lumbar spondylosis. There was no change in her lower limb neurological symptoms, specifically, no radicular pain or sphincter disturbance. There was no history of spinal trauma. Upon clinical examination, there was mild mid-thoracic tenderness. Lower limb neurological examination was complicated by leg stiffness related to the Sjögren\'s syndrome. There was global mild weakness Medical Research Council (MRC) grade 4/5 in bilateral lower limbs, and reflexes were normal. There was reduced sensation in the L5 and S1 distribution, which was a longstanding finding. MRI of the thoracic spine demonstrated features consistent with ISCH. T2-weighted images showed anterior deviation and flattening of the spinal cord at the T7 vertebral body level, with a small ventral dural defect and mild cord herniation \[[Figure 2](#F2){ref-type="fig"}\]. The patient was treated conservatively, and at 4-year follow-up, her neurological condition remained stable.

![MRI T2-weighted sagittal and axial images. Anterior deviation and flattening spinal cord at T7, small ventral dural defect, mild cord herniation](AJNS-8-97-g008){#F2}

### Case 3 {#sec3-3}

An 82-year-old man presented with a 10-day history of progressive bilateral lower limb weakness and generalized numbness in his thorax and lower limbs. He reported a 3-week history of worsening gait ataxia, on a background history of 5 years of mild gait disturbance. On admission, the patient denied having problems with defecation, but had acute difficulty with micturition which resulted in catheter insertion. There was no history of spinal surgery, trauma, or spinal disorders. His medical history included ischemic heart disease, stroke, prostate cancer, and Paget\'s disease. Clinical examination was significant for a T4 sensory level, with reduced sensation to pin prick and light touch. Motor assessment revealed reduced power in bilateral lower limbs, with the following MRC grades: 1+/5 proximal and 3/5 distal. MRI was diagnostic for ISCH. T2-weighted images demonstrated ventral displacement of the thoracic spinal cord with moderate flattening, focal atrophy, and anterior herniation through the dura at T3-5 \[[Figure 3](#F3){ref-type="fig"}\]. The CSF flow pattern dorsal to the cord at that level was preserved, but ventral to the cord, the CSF flow pattern was absent. Following a full discussion of the options with the patient, the decision was made for non-operative management. At 3 months after presentation, the patient remained neurologically stable.

![MRI T2-weighted sagittal and axial images. Ventral displacement thoracic spinal cord, moderate flattening, anterior herniation through the dura T3-5](AJNS-8-97-g009){#F3}

Discussion {#sec1-3}
==========

ISCH is a rare, potentially under-diagnosed cause of progressive thoracic myelopathy, with around 170 cases reported in the literature. It is more common in middle-aged patients, with a mean age of 49 years (range, 22-75 years), and occurs predominantly in females.\[[@ref4][@ref37]\] The condition is characterized by a spontaneous displacement of the spinal cord through an anterior dural defect. Several theories on the pathogenesis have been proposed, including congenital dural deficiency, history of trauma, pressure erosion of the dura, and duplication of the ventral dura.\[[@ref3][@ref53][@ref55]\] The thoracic spine is predominantly involved, with levels T3-T7 more frequently affected.\[[@ref42]\] It has been proposed that thoracic spine involvement can be explained by the normal kyphosis of the thoracic spine, the anterior position of the thoracic spinal cord, the impact of flexion and extension movements, and the physiological ventral movement of the spinal cord secondary to cardiac and pulmonary actions.\[[@ref63]\]

Clinical symptoms are largely dependent on the site of spinal cord herniation, and are usually longstanding before the diagnosis, with the mean duration of symptoms of 40 months.\[[@ref4][@ref10]\] Progressive Brown-Séquard syndrome is the most common clinical presentation, with variable deficits of ipsilateral hemiparesis and proprioception loss, and contralateral loss of pain and temperature sensation.\[[@ref42]\] Other reported presentations include paraparesis, sensory disturbance, bowel and bladder sphincter dysfunction, and chest pain.\[[@ref4][@ref53][@ref78]\]

MRI is the investigation of choice for the diagnosis of ISCH. Sagittal sections often demonstrate enlargement of the dorsal subarachnoid space, with ventral displacement and an anterior C- or S-shaped kink of the thoracic spinal cord.\[[@ref6][@ref39]\] On axial imaging, the cord herniation is attached to the anterior dura mater with no intervening CSF, and the herniated cord may be thinned secondary to atrophy with or without signal change.\[[@ref14]\] Axial images may allow visualization of the nerve roots traversing the dorsal subarachnoid space, in contrast to dorsal arachnoid cysts, where the nerve roots are seen at the periphery of the cyst.\[[@ref6]\] Phase-contrast MRI and CT myelogram can be used to confirm the diagnosis of ISCH and differentiate between a widened dorsal subarachnoid space and a dorsal arachnoid cyst. In cases of ISCH, phase-contrast MRI typically demonstrates normal dorsal pulsatile CSF flow and CT myelogram demonstrates obliteration of CSF space ventral to the spinal cord with no differential contrast medium retention dorsal to the cord.\[[@ref3][@ref4][@ref14][@ref34][@ref76]\] High-resolution MRI has enhanced diagnostic ability and reduced the need for CT myelography.\[[@ref6][@ref43]\] The rare use of thoracic myelography imaging has been documented.\[[@ref1][@ref4]\] In this review of 174 cases of ISCH, MRI alone was performed in 81 patients (46.5%), combined MRI and CT myelography in 90 (52%), and CT myelography alone in 1 patient. Only two cases used thoracic myelography.\[[@ref1][@ref4]\] In the three patients that we have presented in this study, the classic MRI features of ISCH were present and were diagnostic in all three cases.

Misdiagnosis is reported in a number of ISCH case reports. The most frequent misinterpretation is as a dorsal arachnoid cyst\[[@ref1][@ref4][@ref5][@ref6][@ref7][@ref8][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref23][@ref24][@ref25]\] previously reported as a false diagnosis in around 45% of cases,\[[@ref79][@ref80]\] but it has been reported that an associated dorsal arachnoid cyst is potentially present in 20-25% of patients with ISCH.\[[@ref79][@ref80]\] Other misdiagnoses include thoracic disc herniation,\[[@ref1][@ref2][@ref13]\] transverse myelitis,\[[@ref9][@ref14]\] arachnoiditis,\[[@ref4]\] intradural mass,\[[@ref9]\] and extradural compressive lesion.\[[@ref1]\] Misdiagnosis has been reported to result in erroneous surgery, with lack of clinical improvement or progressive neurological symptoms resulting in a second operation to address the spinal cord herniation.\[[@ref4][@ref6][@ref14][@ref15][@ref19][@ref22][@ref24]\] In this literature review, misdiagnosis was reported in 37 ISCH cases (21%), and in 30 patients an operation was performed as a result of the misdiagnosis. In some cases, ISCH was identified and treated during surgery. However, in 23 cases, a second operation was required to treat the spinal cord herniation. In this study, misdiagnosis occurred in case 1. MRI performed at a different institution was initially misinterpreted as a dorsal arachnoid cyst. Suboptimal quality images appeared to show an intradural--extramedullary mass indenting the dorsal aspect of the spinal cord. Repeat MRI was diagnostic for ISCH.

Management of ISCH {#sec2-2}
------------------

Treatment of ISCH consists of either conservative management or surgery, but owing to the unclear natural history of the condition, an optimal treatment strategy has not been formulated, and management needs to be individualized for each patient. Surgery is generally recommended for patients with motor function deficit or progressive neurological symptoms.\[[@ref42][@ref63][@ref81]\] Surgical treatment aims to reduce the spinal cord herniation and prevent recurrence. Various operative techniques have been described, including dorsal and ventral surgical approaches, with use of a dural patch or widening the dural defect to prevent cord strangulation.\[[@ref2][@ref7]\] Pre-operative Brown-Séquard syndrome and release of the herniated spinal cord have been identified as independent factors associated with favorable postoperative outcome.\[[@ref42]\]

The majority cases of ISCH are treated with surgical management, but there is limited evidence in the literature to predict which patients will benefit from surgery.\[[@ref81]\] Most patients undergo surgery at the time of diagnosis, with only a small number of reported cases of trialed conservative management prior to proceeding to operative intervention.\[[@ref17]\] The condition is rare, case reports document a wide range of clinical presentations, and the follow-up periods are variable. Cases of recurrence of symptoms after ISCH surgery are reported, ranging from 18 months to 10 years,\[[@ref18][@ref29][@ref57]\] highlighting the need for long-term follow-up. It is reported that surgery for ISCH generally results in improvement or stabilization of neurological symptoms, but deterioration with worsening neurology is also reported. Reviews of the literature outline observations on case reports and the experience of individual institutions.\[[@ref4][@ref42][@ref63]\] Most reports have limited information on the neurological assessment and do not use validated outcome scores to allow for standardized comparison. Neurological outcome data are generally documented as "improved" (I), "unchanged" (U), or "worse" (W). The meta-analysis by Groen *et al*.,\[[@ref42]\] reported the surgical results of 121 ISCH patients, with neurological improvement in 73%, unchanged result in 20%, and worse outcome in 7%. The follow-up period data were available in 73% of cases, with a relatively short mean follow-up of 24 months. Hassler *et al*.,\[[@ref10]\] in their series of 10 surgically managed patients, with mean follow-up of 61 months, reported improved results in 6 patients, unchanged results in 3, and worse outcome in 1 patient. Sasani *et al*.,\[[@ref63]\] in their review of the literature of ISCH surgery, identified improvement in clinical outcomes in 73%, unchanged result in 20%, and deterioration in 7% of patients. Prada *et al*.\[[@ref17]\] reported a series of 12 ISCH cases, with 50% of patients showing improved symptomatology after surgery, and the others remained free from symptom progression. Another series of 12 patients, with a mean follow-up period of 74 months, described postoperative improvement in all cases.\[[@ref43]\] The series of seven ISCH surgical cases by Barrenechea *et al*.\[[@ref6]\] reported improved result in one patient, unchanged result in four, and worse outcome in two patients.

In this study, the review of the literature identified 159 cases of ISCH treated with surgical management. The symptom interval was specified for 151 patients, ranging between 5 and 432 months (mean, 54 months). Data on the result of neurological outcome after surgery were available for all 159 patients. Improvement in neurological outcome was reported in 119 patients (74%). In 28 patients (18%), the neurological outcome was unchanged, and in 12 patients (8%), the result at follow-up was worse after operative intervention. The follow-up period data were reported for 129 cases, ranging from 1 to 168 months, with a mean follow-up of 33 months. In order to better define the outcomes of the surgical management of ISCH, long-term follow-up is required.

A conservative treatment approach for ISCH, with clinical and radiological surveillance, has been suggested for patients without progressive myelopathy or significant motor deficits.\[[@ref9][@ref13][@ref29][@ref76][@ref78]\] Twelve cases of conservative management have been reported in the literature.\[[@ref9][@ref13][@ref29][@ref39][@ref76][@ref77][@ref78]\] We reviewed 15 patients managed with non-operative management, including the 3 cases in this study. The symptom interval was specified in 14 cases, ranging between 6 and 216 months (mean, 52 months). Follow-up period data were available for 12 cases, ranging between 1 and 96 months (mean, 33 months). Data on the neurological outcome at follow-up were documented for 13 patients, with the result unchanged in all 13 cases (100%). The Ammar *et al*.\[[@ref29]\] series reported on two ISCH non-operative cases with follow-up periods 15 and 60 months, and Massicote *et al*.\[[@ref13]\] reported four patients with follow-up periods up to 96 months. In all six cases, there was no weakness or spasticity on clinical presentation. In the two cases of conservative management described by Hausmann *et al*.,\[[@ref9]\] the patients presented with motor deficit, but outcome data were not specified. There were two patients who presented with thoracic back pain without motor, sensory, or sphincter disturbance, one in Senturk *et al*.\'s\[[@ref78]\] paper with 6 months follow-up and the other one described by Kwong *et al*.,\[[@ref77]\] but the follow-up period was not specified. Two conservatively managed ISCH cases with 12-month follow-up periods were reported, one in the Ferré *et al*.\[[@ref39]\] series with right hemi-sensory deficit below T6 and the other one in the Adams *et al*.\'s\[[@ref76]\] paper with right hemi-sensory deficit below T10. In the series by Prada *et al*.,\[[@ref17]\] conservative management was initially undertaken in three cases, but worsening in neurology and imaging resulted in surgical intervention. In this study, we presented three ISCH patients treated with non-operative management. In two of the cases, the clinical presentation was thoracic back pain. In case 2, back pain was the only symptom, and in case 1, there was a history of two short episodes of left arm weakness with spontaneous resolution but no sensory symptoms or sphincter disturbance. In case 3, the patient presented with motor and sensory impairment, with a T4 sensory level, bilateral lower limb motor deficit, and bladder sphincter disturbance. The mean symptom interval was 104 months (range, 36-216 months), and the mean follow-up was 18 months (range, 3-48 months). The neurological result was unchanged in all three cases.

The natural history of ISCH remains unknown, as it is difficult to predict the course of this rare condition,\[[@ref13][@ref20]\] and the majority of cases in the literature have been treated with surgical management at diagnosis. It has been suggested that a conservative management approach should be trialed when possible, in order to attempt to define the natural history, as the clinical presentation is often nonspecific and neurological deterioration may not occur.\[[@ref29]\] Based on the results of our literature review, we formulated a treatment algorithm \[[Figure 4](#F4){ref-type="fig"}\]. According to this algorithm, conservative treatment should be considered for patients without progressive myelopathy or significant motor deficits, and surgical treatment for patients with motor function deficits or progressive neurological symptoms. Surveillance with clinical assessment should be undertaken in both conservative and surgical treatment, and repeat MRI performed for patients with neurological deterioration.

![Treatment algorithm](AJNS-8-97-g010){#F4}

In this paper, we report a retrospective single-center experience with three cases of ISCH and review the literature on this rare condition. Potential publication bias could arise with analysis of data on management outcome; however, the objective of this review article was not to create treatment guidelines or favorable results toward a certain treatment. The limitation of this study was the retrospective nature and short follow-up periods for the three reported cases. However, follow-up is ongoing, and we are aware of the lack of and need for long-term follow-up in the ISCH literature.

Conclusion {#sec1-4}
==========

ISCH is a rare condition causing progressive thoracic myelopathy. Clinical experience is limited, and the condition is often misdiagnosed, most commonly as a dorsal arachnoid cyst. The literature consists of individual case reports and small series, resulting in a lack of evidence-based treatment strategies. The natural history of ISCH remains unknown, with most cases treated with surgical management at diagnosis. For patients with motor function deficit or progressive neurological symptoms, surgical treatment is generally recommended, with the aim of reducing the spinal cord herniation and preventing recurrence. Conservative treatment, with clinical and radiological surveillance, should be considered for patients without progressive myelopathy or significant motor deficits. Management of ISCH needs to be individualized for each patient, and long-term follow-up is required in order to better define the outcomes of both conservative and surgical management. Clinicians should be encouraged to report new cases, standardize case reports, and ensure long-term follow-up.
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